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Description 

CEMENT COMPOSITIONS USEFUL IN OIL 

AND GAS WELLS 

Cross Reference to Related Applications 

[0001] The present application claims priority to U.S. Provisional 

Patent Application Serial No. 60/424,751 filed November 

8, 2002, the contents of which are incorporated herein by 

reference. 
Background of Invention 

FIELD OF THE INVENTION 

[0002] Th e invention relates to novel cement compositions and, 
more specifically, to cement compositions that are suit- 
able for the high temperature, high pressure conditions 
commonly found in oil and gas wells. In particular, highly 
resilient cement compositions having improved mechani- 
cal properties are disclosed. 
DESCRIPTION OF RELATED ART 



[0003] Cement is commonly used seal the wellbore of oil and gas 



wells. The downhole conditions of wells pose extreme 
conditions for the cement, exposing it to high tempera- 
tures, high pressures, and variable tectonic forces. These 
conditions frequently lead to the formation of fractures in 
the concrete, and ultimately failure and collapse of the ce- 
ment. This damage decreases the production of the well, 
and may require treatment of the well to repair or replace 
the cement. 

[0004] Cementing is a common technique employed during many 
phases of wellbore operations. For example, cement may 
be employed to isolate or secure various casing strings 
and/or liners in a well. In other cases, cementing may be 
used in remedial operations to repair casing and/or to 
achieve formation isolation. In still other cases, cementing 
may be employed during well abandonment. Cement op- 
erations performed in wellbores under high stress condi- 
tions may present particular problems, among other 
things, difficulty in obtaining good wellbore isolation and/ 
or maintaining mechanical integrity of the wellbore over 
the life of the well. These problems may be exacerbated in 
those cases where wellbore and/or formation conditions 
promote fluid intrusion into the wellbore, including intru- 
sion of water, gas, or other fluids. 



[0005] | n a wellbore, cement may be used to serve several pur- 
poses. Among these purposes are to selectively isolate 
particular areas of a wellbore from other areas of the well- 
bore. For example, cement is commonly placed in the an- 
nulus created between the outside surface of a pipe string 
and the inside formation surface or wall of a wellbore in 
order to form a sheath to seal off fluid and/or solid pro- 
duction from formations penetrated by the wellbore. This 
isolation allows a wellbore to be selectively completed to 
allow production from, or injection into, one or more pro- 
ductive formations penetrated by the wellbore. In other 
cases cement may be used for purposes including, but not 
limited to, sealing off perforations, repairing casing leaks 
(including leaks from damaged areas of the casing), plug- 
ging back or sealing off the lower section of a wellbore, 
sealing the interior of a wellbore during abandonment op- 
erations, and so on. 

[0006] The economic success of a drilling operation often hinges 
upon the ability to establish zonal isolation within a ce- 
mented wellbore. Once established, maintaining this zonal 
isolation is typically impacted by the particular stress en- 
vironment found while the well is being completed and 
produced. During the life of a well, the cement sheath 



may be exposed to stresses imposed by well operations 
including perforating, hydraulic fracturing, high tempera- 
ture-pressure differentials, and so on. Further, if the well 
is completed using a complex completion such as a multi- 
lateral system, the cement sheath may be subject to shat- 
tering and subsequent loss of bond due to pipe impact. 
[0007] Conventional well cement compositions are typically brit- 
tle when cured. These conventional cement compositions 
often fail due to stresses, such as radial and/or tangential 
stresses, that are exerted on the set cement. Wellbore ce- 
ments may be subjected to radial and tangential stresses 
that result from a variety of causes. For example, stress 
conditions may be induced by relatively high temperatures 
and/or relatively high fluid pressures encountered inside 
cemented wellbore pipe strings during operations such as 
perforating, stimulation, injection, testing, production, 
and so on. Stress conditions may also be induced or ag- 
gravated by fluctuations or cycling in temperature or fluid 
pressures during similar operations. Variations in temper- 
ature and internal pressure of the wellbore pipe string 
may result in radial and longitudinal pipe expansion and/ 
or contraction which tends to place stress on, among 
other things, the annular cement sheath existing between 



the outside surface of a pipe string and the inside forma- 
tion surface or wall of a wellbore. Such stresses may also 
be induced in cement present in other areas of the well- 
bore in the pipe. 
[0008] | n other cases, cements placed in wellbores may be sub- 
jected to mechanical stress induced by vibrations and im- 
pacts resulting from operations, for example, in which 
wireline and pipe conveyed assembly are moved within the 
wellbore. Hydraulic, thermal and mechanical stresses may 
also be induced from forces and changes in forces exist- 
ing outside the cement sheath surrounding a pipe string. 
For example, overburden and formation pressures, forma- 
tion temperatures, formation shifting, formation com- 
paction, etc. may cause stress on cement within a well- 
bore. 

[0009] Conventional wellbore cements typically react to excessive 
stress by failing. "Cement failure" refers to cracking, shat- 
tering, debonding from attached surfaces (such as exte- 
rior surfaces of a pipe string and/or the wellbore face), or 
otherwise losing its original properties of strength and/or 
cohesion. Stress-induced cement failure typically results 
in loss of formation isolation and/or loss of wellbore me- 
chanical integrity, such as casing collapse or shearing of 



the casing. This in turn may result in loss of production, 
loss of the wellbore, pollution, and/or hazardous condi- 
tions. 

[0010] Although hydraulic, thermal and/or mechanical induced 
stresses may be encountered in all types of wells, includ- 
ing those having conventional vertical wellbores, such 
stresses may be more likely to occur in particular types of 
completion configurations. For example, completions 
having relatively thin annular cement sheaths between 
pipe strings and/or between the outside surface of a pipe 
string and the inside formation wall may be particularly 
susceptible to stress-induced cement damage. Such thin 
cement sheaths may be encountered, for example, in con- 
ditions where open hole wellbore size is limited, yet a ce- 
mented pipe string diameter must be maximized. Exam- 
ples include those cases where full length, tieback, or 
scab liners are cemented, for example, to isolate casing 
damage and/or substantially eliminate formation pressure 
and/or fluid communication. 

[0011] | n other cases, a main or primary wellbore may have one 
or more secondary wellbores extending laterally there- 
from to form a lateral or multi-lateral completion. In such 
cases, a primary wellbore may be vertical or deviated 



(including horizontal), and one or more secondary lateral 
wells are drilled from the primary wellbore after it has 
been cased and cemented. Each of the secondary lateral 
wellbores may be vertical or deviated, and may optionally 
include a cemented liner, which may be tied into the pri- 
mary wellbore. In this regard, secondary lateral wellbores 
may be drilled from a primary wellbore initially, and/or at 
any other time during the life of the well. Such lateral or 
multi-lateral completions may be particularly susceptible 
to stress induced cement failures for a number of reasons. 
For example, the juncture between the primary and sec- 
ondary lateral wellbores is typically exposed to mechanical 
stresses induced by a large number of subsequent opera- 
tions involving the running of tools through the junction 
point. The number of operations and exposure to stress 
typically increases with the number of secondary lateral 
wellbores extending from the primary wellbore. Further- 
more, the magnitude of mechanical stress from a given 
operation typically increases with the angle of deviation 
between the axis of the primary wellbore and the a given 
secondary lateral wellbore. 
[0012] when conventional cements are employed in lateral or 
multi-lateral wellbore completions, the set conventional 



cement is typically too brittle to withstand shocks and im- 
pacts generated by drilling and other well operations per- 
formed in the secondary lateral wellbores. Therefore, in 
such completions, conventional set cement compositions 
typically fail by shattering or cracking, resulting in loss of 
isolation and mechanical integrity. Potential for such 
stress-induced cement failure typically increases, for ex- 
ample, in those situations in which the internal diameter 
of a cased secondary lateral wellbore is designed to be as 
close as possible to the internal diameter of the cased pri- 
mary wellbore. This is typically done for ease of drilling 
and completion, but results in a cement sheath having a 
reduced thickness, and therefore which is more suscepti- 
ble to damage. 

[° 013 ] Similar cement failure problems may be encountered in 
single wellbores having relatively thin cement sheaths 
(such as "slimhole" completions), and/or other configura- 
tions which cause an increase in the magnitude of fre- 
quency of mechanical stresses including wellbores having 
deviations or doglegs at which mechanical impact may be 
concentrated. Examples of such wellbores include highly 
deviated or horizontal completions, and/or sidetracked 
wellbores. 



[0014] | n other cases, injection or production of high tempera- 
ture fluids may cause thermal expansion of trapped fluids 
located, for example, between a pipe string and a cement 
sheath, between a cement sheath and the formation, and/ 
or within the cement sheath. Such trapped fluids may cre- 
ate excessive pressure differentials when heated and/or 
cooled, resulting in cement failure. Thermal cycling (such 
as created by intermittent injection or production of fluids 
that are very warm or cool relative to the formation tem- 
perature), typically increase the likelihood of cement fail- 
ure. 

[0015] | n s tj|| other cases, mechanical and/or hydraulic forces 
exerted on the exterior of a cement sheath may cause 
stress-induced cement failure. Such forces include over- 
burden pressures, formation shifting, and/or exposure to 
overpressured fluids within a formation. Increased pres- 
sure differential, such as may be caused when the interior 
of a cemented pipe string is partially or completely evacu- 
ated of liquid, also tends to promote cement failure, es- 
pecially when combined with relatively high pressures ex- 
erted on the exterior of a cement sheath surrounding the 
cemented pipe string. Pressure changes may also be the 
result of natural formation pressure depletion or hydraulic 



fracturing operations. 

[0016] | n addition, any type of thermal, mechanical or hydraulic 
stress that acts directly on a set cement composition, or 
which tends to cause deformation of a wellbore tubular in 
contact with a set cement composition may promote, or 
result in, failure of a conventional cement composition. 

[0017] Furthermore, types of cement configurations that may be 
adversely affected by stresses, such as those discussed 
above, include not only annular cement sheaths placed by 
circulation, but also include cement compositions intro- 
duced into a wellbore by a variety of other methods. Such 
other methods include those employed during or after 
completion, for example, as part of remedial, workover or 
abandonment operations. Specific examples include ce- 
ment placed by squeezing or spotting, to for example, 
seal off perforations or casing leaks. Presence of high 
perforation densities may also contribute to cement fail- 
ure before or after perforation, by explosive force and/or 
by mechanically weakening a pipe string or tubular so that 
it is more susceptible to deformation by stress. Such ce- 
ment configurations may be particularly susceptible to 
mechanical damage. 

[0018] | n exploring methods to improve the strength of cement 



compositions, the civil engineering literature has exten- 
sively discussed the presence of an "Interfacial Transition 
Zone" of up to 50 micrometers around aggregates in con- 
crete. Essentially, this is a zone that is characterized as 
being calcium silicate poor, calcium hydroxide rich, and 
having a high porosity. These porosity structures are 
commonly viewed to be the "weak link" in concrete re- 
garding its mechanical properties and durability. ITZ for- 
mation is at least in part believed to be due to a "one 
sided" growth effect of the hydrated calcium silicates hy- 
drates against the non-reactive boundary of the aggregate 
found in concrete ("wall effect"). 
[0019] Modifications of the ITZ have been reported with the goal 
of reducing or eliminating the ITZ. These modifications 
include reducing the width of the ITZ, or reducing the 
porosity gradient of the ITZ relative to the bulk material. 
The addition of silica fume to concrete results in ITZs that 
are nearly as dense as the bulk paste. This is believed to 
be due to the small size and reactivity of the silica fume 
particles allowing packing more closely to the aggregate 
surface and reducing the one sided growth effect. Similar 
reductions in the width of the ITZ have been discussed 
using fly ash and rice husk ash. 



[0020] while the civil engineering community has been focusing 
at least in part on reducing or eliminating the ITZ as a 
method of improving the strength of cement structures, 
there still exists a need for improved cement composi- 
tions suitable for use in high temperature, high pressure 
conditions such as those found in downhole well environ- 
ments. 
Summary of Invention 

[0021] Cement compositions suitable for use in the extreme con- 
ditions of oil and gas wells are disclosed. The composi- 
tions optimize the properties of the ITZ layer and have 
improved mechanical properties relative to conventional 
cement compositions. The compositions preferably con- 
tain low reactivity materials with sizes of about 40 mi- 
crons to about 250 microns. Non-linear fractures occur in 
the cement, rather than the linear fractures observed in 
conventional cement. The cement compositions can be 
used in oil and gas wells, as well as in the construction of 

other cement and concrete structures. 
Brief Description of Drawings 

[0022] The following figures form part of the present specifica- 
tion and are included to further demonstrate certain as- 



pects of the present invention. The invention may be bet- 
ter understood by reference to one or more of these fig- 
ures in combination with the detailed description of spe- 
cific embodiments presented herein. 

[0023] Figure 1 shows the linear fracture observed in a conven- 
tional cement composition. The fracture passes directly 
through a large particle. 

[0024] Figure 2 shows the linear fracture observed in a conven- 
tional cement composition. The fracture passes directly 
through a large particle. 

[0025] Figure 3 shows the non-linear fracture observed in an in- 
ventive cement composition. The fracture appears to pass 
from ITZ to ITZ. 

[0026] Figure 4 shows the non-linear fracture observed in an in- 
ventive cement composition. The fracture appears to pass 

from ITZ to ITZ. 
Detailed Description 

[0027] Novel cement compositions are disclosed. The composi- 
tions can be used in downhole oil and gas well applica- 
tions, as well as in conventional construction applications. 
The compositions are especially attractive for use in envi- 
ronments that experience high temperature, high pres- 
sure, and tectonic forces. 



[0028] while compositions and methods are described in terms 
of "comprising" various components or steps, the compo- 
sitions and methods can also "consist essentially of or 
"consist of the various components and steps. 

[0029] Cement compositions 

[0030] one embodiment of the invention is directed towards ce- 
ment compositions. The compositions can be dry (prior to 
the addition of water) or wet (after the addition of water). 
The compositions generally comprise cement and low re- 
activity particles. 

[0031] The cement can generally be any type of Portland cement. 
The cement can generally be of any API specification Class 
such as A, B, C, C, or H. Examples of commercially avail- 
able cements include Lafarge Class H, Dyckerhoff Class G, 
and Cemex Class C. ASTM specification cements such as I, 
II, III, IV, and V can also be used. Other suitable hydraulic 
cements include commercial lightweight cements such as 
TXI Lightweight can be used. Other cementitious materials 
such as ground granulated blast furnace slag, Class C or 
Class F fly ash, pozzolan microspheres, or ceramic micro- 
spheres may also be included in the cement compositions. 

[0032] The low reactivity particles can generally be any low reac- 
tivity material, such as silica sand (SiO ), aluminum sili- 



cates, other minerals, gilsonite (resinous hydrocarbon), 
ground coal, adamantanes, fullerenes. Particle sizes are 
often determined by a "mesh" number. Numbers correlate 
to a screen or mesh having that number of openings per 
square inch. For example, a 20 mesh screen has 20 open- 
ings per square inch, while a 325 mesh screen has 325 
openings per square inch. The higher the number, the 
smaller the size of the openings. The size of the particles 
is preferably about 40 mesh to about 250 mesh (i.e. most 
of the materials pass through a 40 mesh screen but are 
larger than a 250 mesh screen). Specific examples of par- 
ticle sizes include about 40 mesh, about 50 mesh, about 
100 mesh, about 150 mesh, about 200 mesh, about 250 
mesh, and ranges between any two of these values. The 
weight percent of the low reactivity particles based on the 
weight of the cement can be about 30% to about 100%. 
Specific examples of the weight percent include about 
30%, about 40%, about 50%, about 60%, about 70%, about 
80%, about 90%, about 100%, and ranges between any two 
of these values. 

[0033] The water can generally be added in any amount sufficient 
to form a pumpable slurry. Generally, the water can be 
about 30% to about 150% by weight based on the weight 



of the cement. Specific examples of the weight percent in- 
clude about 30%, about 40%, about 50%, about 60%, about 
70%, about 80%, about 90%, about 100%, about 110%, 
about 120%, about 130%, about 140%, about 150%, and 
ranges between any two of these values. 
[0034] The cement compositions can further comprise additives 
such as dispersants, salts, set retarders, gas control 
agents, free fluid control agents (such as biopolymers), 
weighting materials (such as hematite), fluid loss agents 
(such as hydroxyethylcellulose and AMPS copolymers), 
bonding agents (such as polyvinyl alcohol), extenders 
(such as sodium montmorillonite, sodium metasilicate, 
sodium silicate, and the like), reinforcing agents, and gels. 
Reinforcing agents can include wollastonite, pyrophyllite, 
sepiolite, carbon whiskers, polypropylene whiskers, and 
nylon whiskers. 

[0035] it has been observed that the inventive cement composi- 
tions, when set, fracture in a manner different from con- 
ventional cement compositions. Conventionally, fractures 
occur in a roughly linear manner (Figures 1 and 2). These 
linear fractures often cut through large particles found in 
the composition. In contrast, the inventive compositions 
have been observed to fracture in a non-linear fashion, 



going from particle boundary to particle boundary 
(apparently from ITZ to ITZ) (Figures 3 and 4). 

[0036] Methods of use 

[0037] The above described cement compositions can be used in 
methods to prepare cement or concrete structures. The 
cement compositions can be mixed with water or a water 
based fluid to prepare a slurry, and cast into a wide array 
of shapes and structures. Sand, gravel, or other solid ma- 
terials can be added to the cement compositions to pre- 
pare a slurry. 

[0038] a presently preferred embodiment involves methods of 
using the above described compositions in cementing in 
oil and gas wells. The cement compositions can be mixed 
with water or a water based fluid to prepare a slurry, and 
the slurry can be introduced into a wellbore by pumping 
or other methods. The mixing and introducing steps can 
be performed in a batch or continuous fashion. The slurry 
would preferably be allowed to set within the wellbore for 
a sufficient time. 

[0039] The above described cement compositions can also be 

used to prepare other cement or concrete structures such 
as buildings, bridges, roads, driveways, columns, marine 
structures, and so on. 



[0040] The following examples are included to demonstrate pre- 
ferred embodiments of the invention. It should be appre- 
ciated by those of skill in the art that the techniques dis- 
closed in the examples which follow represent techniques 
discovered by the inventor to function well in the practice 
of the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in 
the art should, in light of the present disclosure, appreci- 
ate that many changes can be made in the specific em- 
bodiments which are disclosed and still obtain a like or 
similar result without departing from the scope of the in- 
vention. 

[0041] EXAMPLES 

[0042] Example 1: Materials and methods 

[0043] Lafarge cement is commercially available from Lafarge 
North America Inc. (Herndon, VA). Dyckerhoff cement is 
produced by Dyckerhoff AG (Wiesbaden, Germany). Cemex 
C cement is commercially available from Cemex Company 
(Odessa, TX). Joppa H cement is commercially available 
from Lafarge's Joppa Illinois plant. TXI Lightweight cement 
is commercially available from Texas Industries Incorpo- 
rated (Midlothian, TX). BA-11 is a bonding agent commer- 



daily available from BJ Services Company (Houston, TX). 
FL-63 is a fluid loss additive commercially available from 
BJ Services Company. R-8 is a set retarder commercially 
available from BJ Services Company. 
[0044] Cements are commonly referred to by an API specification 
class. The class is assigned based upon, among other 
characteristics, the percentage of water in the cement. 
Class A has 46%, B has 46%, C has 56%, G has 44%, and H 
has 38%. 

[0045] s-8 is a silica flour with 200-325 mesh. S-8C is a more 
course silica flour with 70-200 mesh. CD-32 is a cement 
dispersant commercially available from BJ Services Com- 
pany (Houston, TX). Gel is sodium montmorillonite avail- 
able as BJ Gel (BJ Services Company, Houston, TX). 

[0046] Cement samples were prepared in accordance with API 
Recommended Practice 10B, 22nd edition, December 
1997. 

[0047] Unless indicated otherwise, percentages of cement com- 
position components discussed herein are weight per- 
centages based on the weight of cement. For example, 
35% S-8 refers to an addition of 35 pounds S-8 per 100 
pounds of cement (since cement is sold in 94 pound 
sacks, 32.9 pounds of S-8 would be added to each sack). 



The concentration "Lbm/gal" stands for pounds mass per 
gallon. 

[0048] Compressive strength was measured by the destructive 

method named API Recommended Practice 10B, 22nd edi- 
tion, December 1997. Flexural strength was measured by 
methods contained in ASTM C 348. The upper detection 
limit for measuring flexural strength was 2045 psi. Ten- 
sile strength was measured by the methods contained in 
ASTM C 190-85. The upper detection limit for measuring 
tensile strength was 884 psi. 

[0049] Example 2: Comparison of Dyckerhoff G cement contain- 
ing either S-8 or S-8C 

[0050] Various cement compositions were prepared containing 
Dyckerhoff G cement, either S-8 or S-8C, CD-32 disper- 
sant, and water. The density (Lbm/gal), compressive 
strength, flexural strength, and tensile strength of the re- 
sulting samples were determined. Values were determined 
at 300 °F (149 °C). The following tables shows the compo- 
sitions and test values of the samples. 

[0051] 



Sample 


Silica 


CD-32 


Water 


Density 
(Lbm/gal) 


1 


35% S-8 


0.2% 


44% 


16.73 


2 


35% S-8C 


0.1% 


44% 


16.73 


3 


60% S-8C 


0.4% 


44% 


17.23 


4 


83.7% S-8C 


0.2% 


44% 


17.63 


5 


100% S-8C 


0.4% 


44% 


17.86 



Sample 


CS (Psi) 


FS (Psi) 


TS (Psi) 


FS/CS ratio 


TS/CS ratio 


1 


10375 


1236 


420 


0.119 


0.041 


2 


4541 


1002 


581 


0.22 


0.127 


3 


8213 


1759 


682 


0.214 


0.083 


4 


10750 


> 2045* 


> 884* 


0.190 


0.082 


5 


13125 


> 2045* 


722 


0.155 


0.055 



* The value exceeded the upper detection limit of the assay. 



[0052] Substitution of S-8 (200-325 mesh) with the larger S-8C 
(70-200 mesh) had significant effects on compressive 
strength, flexural strength, and tensile strength. At higher 
concentrations of S-8C, compressive strength and flexural 
strength were increased relative to control Sample #1. At 
all concentrations of S-8C, tensile strength was increased 
relative to control Sample #1. Samples 1-5 were tested at 
a fixed water concentration, but the densities varies owed 
to the densification effects of the S-8C. 

[0053] Example 3: Addition of gel to cement compositions 

[0054] Three samples were prepared adding varying amounts of 
gel to a cement composition containing 83.7% S-8C. The 
density (Lbm/gal), compressive strength, flexural 



strength, and tensile strength of the resulting samples 
were determined. Values were determined at 300 °F (149 
°C). The following table shows the compositions and test 
values of the samples, and compares them to Sample 4 
(containing 83.7% S-8C but lacking gel). 

[0055] 



Sample 


Gel 


CD-32 


Water 


Density (Lbm/gal) 


4 


0 


0.2% 


44% 


17.63 


6 


6% 


0.55% 


78% 


15.5 


7 


16% 


0.6% 


136% 


13.6 


8 


24% 


0.7% 


182% 


12.75 



Sample 


CS (Psi) 


FS (Psi) 


TS (Psi) 


FS/CS ratio 


TS/CS ratio 


4 


10750 


> 2045* 


> 884* 


0.190 


0.082 


6 


6125 


1432 


289 


0.233 


0.047 


7 


1600 


286 


108 


0.178 


0.067 


8 


775 


250 


75 


0.333 


0.096 



* The value exceeded the upper detection limit of the assay. 



Lowering the density by the addition of gel and additional 
water reduced the density, compressive strength, flexural 
strength, and tensile strength. 

Example 4: Evaluation of the effects of the absence of sil- 
ica on Dyckerhoff G cement 

Dyckerhoff G concrete samples were prepared containing 
or lacking silica, but with all other components held con- 
stant. The density (Lbm/gal), compressive strength, flexu- 
ral strength, and tensile strength of the resulting samples 
were determined. Values were determined at 200 °F (93 



[0056] 

[0057] 
[0058] 



°C). 

[0059] 



Sample 


Silica 


CD-32 


Water 


Density (Lbm/gal) 


9 


83.7% S-8C 


0.2% 


44% 


17.62 


10 


0 


0.1% 


44% 


15.8 



Sample 


CS (Psi) 


FS (Psi) 


TS (Psi) 


FS/CS ratio 


TS/CS ratio 


9 


5937 


1943 


675 


0.327 


0.113 


10 


8250 


1922 


531 


0.232 


0.064 



[0060] The addition of silica reduced the compressive strength, 
maintained the flexural strength at approximately the 
same value, and increased the tensile strength of the 
product. 

[0061] Example 5: Evaluation of Lafarge H cement 

[0062] various cement compositions were prepared containing 
Lafarge Class H cement, either S-8 or S-8C, CD-32 dis- 
persant, and water. The density (Lbm/gal), compressive 
strength, flexural strength, and tensile strength of the re- 
sulting samples were determined. Values were determined 
at 300 °F (149 °C). The following table shows the compo- 
sitions and test values of the samples. 



[0063] 





Silica, 


CD-32 


Water 


Dprmitv fT-hm/yaH 

iy v11l)1 Ly 1 ^.CXl / 


11 


35% S-8 


0.2% 


38% 


17.33 


12 


35% S-8C 


0.1% 


38% 


17.34 


13 


83.7% S-8C 


0.2% 


38% 


18.18 



Sample 


CS (Psi) 


FS (Psi) 


TS (Psi) 


FS/CS ratio 


TS/CS ratio 


11 


6362 


490 


658 


0.077 


0.103 


12 


4393 


880 


436 


0.200 


0.099 


13 


8250 


1790 


781 


0.216 


0.094 



[0064] Substitution of S-8 (200-325 mesh) with the larger S-8C 
(70-200 mesh) had significant effects on compressive 
strength, flexural strength, and tensile strength. At higher 
concentrations of S-8C, compressive strength and tensile 
strength were increased relative to control Sample #11. At 
all concentrations of S-8C, flexural strength was signifi- 
cantly increased relative to control Sample #11. 

[0065] Example 6: Evaluation of the effects of the absence of sil- 
ica on Lafarge H cement 

[0066] Lafarge H cement samples were prepared containing or 
lacking silica, but with all other components held con- 
stant. The density (Lbm/gal), compressive strength, flexu- 
ral strength, and tensile strength of the resulting samples 
were determined. Values were determined at 200 °F (93 
°C). 



[0067] 



Sample 


Silica 


CD-32 


Water 


Density (Lbm/gal) 


14 


83.7% S-8C 


0.1% 


38% 


18.17 


15 


0 


0.1% 


38% 


16.46 



Sample 


CS (Psi) 


FS (Psi) 


TS (Psi) 


FS/CS ratio 


TS/CS ratio 


14 


7531 


1912 


661 


0.253 


0.087 


15 


7122 


1775 


435 


0.249 


0.061 



[0068] The addition of silica increased the compressive strength, 

flexural strength, and tensile strength of the product. 
[0069] Example 7: Evaluation of Cemex C cement 

[0070] a sample was prepared containing Cemex Class C cement, 
S-8C silica, dispersant, and water. The density (Lbm/gal), 
compressive strength, flexural strength, and tensile 
strength of the sample was determined. Values were de- 
termined at 300 °F (149 °C). 

[0071] 



Sample 


Silica 


CD-32 


Water 


Density (Lbm/gal) 


16 


83.7% S-8C 


0.1% 


56% 


16.7 



Sample 


CS (Psi) 


FS (Psi) 


TS (Psi) 


FS/CS ratio 


TS/CS ratio 


16 


3375 


895 


621 


0.265 


0.184 



[0072] Example 8: Evaluation of TXI Lightweight cement 

[0073] Samples were prepared containing TXI Lightweight ce- 
ment, S-8C silica, dispersant, and water. Sample 19 also 
contained 1.2% BA-11 (polyvinyl alcohol), 1% FL-63 



(AMPS/based fluid loss additive), and 0.5% R-8 
(lignosulfonate based cement retarder). The density 
(Lbm/gal), compressive strength, flexural strength, and 
tensile strength of the sample were determined. Values 
were determined at 300 °F (149 °C). 

[0074] 



Sample 


Silica 


CD-32 


Water 


Density (Lbm/gal) 


17 


94% S-8C 


0 


74.6% 


15.3 


18 


94% S-8C 


0.3% 


61.1% 


16.0 


19 


94% S-8C 


0.3% 


59.7% 


16.0 



Sample 


CS 


FS 


TS 


FS/CS ratio 


TS/CS ratio 


17 


3750 


1827 


375 


0.487 


0.100 


18 


nd 


1656 


409 






19 


nd 


961 


426 







nd = not determined. 



[0075] These three samples show the effects of additives and 

changing densities of the system. Addition of BA-11, FL- 
63, and R-8 reduced flexural strength, and essentially did 
not change tensile strength. 

[0076] Example 9: Evaluation of LaFarge Type l/ll cement 

[0077] Samples were prepared containing LaFarge Type l/ll ce- 
ment, S-8C silica, gel, dispersant, and water. All samples 
contained 83.7% S8-C. Samples 22 and 23 additionally 
contained 2% calcium chloride (by weight of cement). Cal- 
cium chloride is a commonly used cement accelerator. The 
density (Lbm/gal), compressive strength, flexural 



strength, and tensile strength of the sample was deter- 
mined. Values were determined at 170 °F (77 °C) for sam- 
ples 20 and 21, and at 80 °F (27 °C) for samples 22 and 
23. 



Sample 


Gel 


CD-32 


Water 


Density (Lbm/gal) 


20 


16% 


0.2% 


136% 


13.6 


21 


24% 


0.3% 


182% 


12.7 


22 


16% 


0.4% 


136% 


13.6 


23 


24% 


0.6% 


182% 


12.7 



Sample 


CS (Psi) 


FS (Psi) 


TS (Psi) 


FS/CS ratio 


TS/CS ratio 


20 


4500 


327 


85 


0.072 


0.018 


21 


3800 


143 


80 


0.037 


0.021 


22 


662 


306 


68 


0.462 


0.102 


23 


370 


102 


40 


0.275 


0.108 



[0079] This table shows the effects of lowering the densities of 
the samples at various temperatures. The results indicate 
a higher FS/CS and TS/CS ratio for the designs containing 
calcium chloride that were cured at 80 °F (27 °C) while the 
compressive strengths were generally much lower than 
those produced at 170 °F (77 °C), even with the addition of 
the calcium chloride accelerator. 



[0080] 



Sample 


Silica 


CD-32 


Water 


Density (Lbm/gal) 


24 


35% S-8 


0.2% 


44% 


16.73 


25 


35% S-8C 


0.1% 


44% 


16.73 


26** 


60% S-8 


0.6% 


44% 


17.23 


27 


60% S-8C 


0.4% 


44% 


17.23 


28** 


83.7% S8 


0.6% 


44% 


17.63 


28 


83.7%S-8C 


0.4% 


44% 


17.63 


** Denotes not slurry mixable unc 


er field conditions, results for comparison only. 



Sample 


CS (Psi) 


FS (Psi) 


TS (Psi) 


FS/CS ratio 


TS/CS ratio 


24 


10375 


1236 


420 


0.119 


0.040 


25 


4541 


1002 


581 


0.220 


0.127 


26** 


14625 


1139 


750 


0.077 


0.051 


27 


8213 


1 759 


682 


0.214 


0083 


28** 


14373 


1227 


750 


0.085 


0.052 


28 


13125 


> 2045* 


>884* 


>0 155 


>0.067 



** Denotes not slurry mixable under field conditions, results for comparison only. 



[0081] This table shows the results of a direct comparison of 
performance between silica sand (S-8C) and silica flour 
(S-8). The designs containing S-8C exhibited more favor- 
able FS/CS and TS/CS ratios. Note the slurries containing 
60% and 83.7% silica flour (S-8) are not mixable under 
field conditions. Several minutes were required to mix the 
cement in the laboratory for sample testing. Results are 
for comparison only. 

[0082] ah of the compositions and/or methods disclosed and 



claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. While 
the compositions and methods of this invention have been 
described in terms of preferred embodiments, it will be 
apparent to those of skill in the art that variations may be 
applied to the compositions and/or methods and in the 
steps or in the sequence of steps of the methods de- 
scribed herein without departing from the concept and 
scope of the invention. More specifically, it will be appar- 
ent that certain agents which are chemically related may 
be substituted for the agents described herein while the 
same or similar results would be achieved. All such similar 
substitutes and modifications apparent to those skilled in 
the art are deemed to be within the scope and concept of 
the invention. 



